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(54) Title: RELIEF OBJECT IMAGE GENERATOR 
(57) Abstract 

A device for imaging a relief object without illuminating a platen 
is disclosed. The device includes a single electrode electroluminescent 
device (12), which may be inorganic or organic, and a current source 
(14). The current source (14) is coupled to the single electrode (22) of 
the electroluminescent device (12) and to the relief object (20) to be 
imaged. The valleys and ridges of the relief object couple current to 
the electroluminescent device at different magnitudes which causes the 
electroluminescent device (12) to generate light at different intensities 
that correspond to the ridges and valleys of the relief object (20). The 
generated light forms an image of the relief object (20) which may be 
focused by optical elements onto a sensor array for capture and image 
processing. In another enibodimenl of the invention, a one-to-one 
sensor array is located proximate the electroluminescent device (12) 
to capture the image. In an embodiment of the invention which 
insulates the relief object (20) from current, the electroluminescent 
device (12) is covered with a variable resistance layer and the variable 
resistance layer (44) is covered with a flexible electrode (46). ^ One 
lead from the current source (14) is coupled to the flexible electrode 
(46) and another lead is coupled to the single electrode (22). When 
a relief object (20) is brought in contact with the flexible electrode 
(46), localized pressures generated by the ridges of the relief object 
(20) form conductive paths through the variable resistance layer (44) 
which are lower in electrical resistance than those formed by pressure 
in the areas adjacent the valleys of the relief object (20). The 
different magnitudes of current delivered through (he conductive paths 
to the electroluminescent device cause the electroluminescent device 
to generate an image of the relief object without exposing the relief 
object (20) to electrical current. 
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■i r WFT IVF OBJEC T IMAGE GENERATOR ^ 

jield of thelnvientioiif ■ ■; ■ - .;. 

' This invention relates to image generation; and more particularly,, to image generation of relief 
5 objects: ■■ . : . - ■ ■ . . ' 

Rackgrdnnd of tHe lavention . 

• Systems for generating images of relief objects are lmown.r Relief objects are objects^ 

surface with features typically formed by ridges and valleys. A common relief object imaged by knovm 

technology is a fingerprint; These known systems include a platen to which a relief object is pressed to 

10 expose the ridges and valleys of the relief object to imaging equipmeiit, The platen is illuminated by a 

light source: In many relief object imaging systems* the light from the light source is passed through a 

collimator before it illuminates the platen. The light is typically coupled through a right-angle prism to 

the platen at or near an angle corresponding to Total Internal Reflection (TIR). TIR refers to the 

frustration or absorption of light at the ridges of the relief object and its reflection back, through the 

1 5 platen at the valleys of the relief object. Thus, light from the light source is modulated by the smictural 

features of the relief object pressed against the platen and this modulated light is transmitted through the 

platen to an optical system. The optical system is usually comprised of lenses and other optical treating 

components. The optically treated, modulated light then impinges on a sensor array which converts the 

optical energy into electrical energy. The intensity at each element of the sensor array is typically 

20 converted to a digital value and the values for the array elements may then be processed by a computer 

for classification or verification of the relief object. 

These known relief object imaging systems have a number of disadvantages. For one, each 

requires a light generating source which must be located at a distance from the platen so that a 

.substantial portion of the platen surface is illuminated by the light source. Additionally, the optically 

25 treating elements are typically placed at a distance and angle from the platen to receive the reflected light 

from the platen. To optimize the benefits of the optical element processing, the optical treating elements 

must be located at distances from the platen where light rays converge or other known optical physical 

phenomenon occur. Thus, the geometry of known relief object imaging systems impose size constraints 

which limit the applications for known relief object imaging systems. 
30 Another disadvantage of known imaging systems are distortions of the reflected image, For 

example, the platen and sensor array in a typical relief object imaging system are tilted to maintain good 
focus while also maintaining platen illumination near the TIR angle. This tilting causes two types of 
distortions known as a keystone distortion and cosine distortion. Frequently, these distortions are 
reduced by interposing optical elements between the sensor array and the platen. However, the 
35 interposing of additional optical treating elements exacerbates the geometric constraints for the system 
and further impacts the applications in which the system may be used. 
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Known relief object image geri^tidS^ ambient light entering the 

platen from the surface on which the relief object is placed. Additionally, the presence of an excessive 
amount of moisture or oil on the relief object alters the modulation of the light by the relief object and 
may further degrade the image of the relief object in such systems. Likewise, an exaggerated absence of 
5 moisture and other fluids in a relief object, such as a fingerprint, may also alter the light modulation 
produced by the relief object and degrade the image of the relief olyect ^Also^ systems, which; ^e 
eiigineered to addresd image degradation caused by excessive moisture may not adequately correct 
degradations caused by excessively dry relief ^ 

What is heeded is a relief object imaging system that reduces the geometrical constraints on the 
10 isizeofa relief object image generator. 

What is needed is a relief object imaging system that reduces distortions i 

object. 

What is needed is a relief object image generating system that reduces degradation caused by 
excessive moisture without increasing the likelihood of degradation caused by exaggerated absence of 

15 moisture, 

Summiarv of the Invention 

The above identified limitations and disadvantages of previously known relief object image 
generating systems are overcome by a system made in accordance with the principles of the present 
invention. The relief object imager of the present invention includes a single electrode 

20 electroluminescent device and an electrical current source, the electrical current source having one lead 
coupled to the single electrode of the electroluminescent device and a second lead for coupling to a relief 
object in proximity to the electroluminescent device. This system provides current to the relief object 
and the cxurent is strongly coupled from the relief object to the single electrode electroluminescent 
device by ridges of the relief object while the current is weakly coupled to the electroluminescent device 

25 by the valleys of the relief object. Those areas of the electroluminescent device which are strongly 
coupled to* the current from the relief object generate light which is, more intense than the areas of the 
electroluminescent device which are weakly coupled to the current from the relief object The light 
generated by the electroluminescent device in correspondence with the valleys and ridges of the relief 
object forms an optical image of the relief object. The single electrode electrolummescent device refers 

30 to a known two electrode electroluminescent device from which one electrode has been removed. The 
electrode in such devices are typically planar and are used to provide a light field that corresponds to the 
aligned areas of the electrodes. By removing an electrode and coupling the current source to a relief 
object held against the single electrode electroluminescent device, the amount of current coupled to 
different areas of the electroluminescent device varies in correspondence with the valleys and ridges of 

35 the relief object and generates an image of the relief object. 
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- In orie^embbdiihent ofthe prese!ntinventionv:^U^^ single electrode electroluminescent device is an 
organic el^trolumiriescent device and, in anodier embodimMit, the single electrpde electroluminescent 
device is m inorganic dectroluminescen^ Both deetroluminescoit devices ^ve, an- elect^^ 

removed sb the ridges arid valleys of the relief object, may couple current to the electroluminescent 
5 device. Preferably, difefct current (DC) sources are used with organic electroluminescent devices and 
alterhatihg current (AC) souites are used with inorgari^^^ ■. -cr-vf:-:' , 

The oijtical image, generated by the system of the present invention may be processed by optical 
debents and provided toa sensor array. Typically, the optical elements inclu^^ 
reduce the size of the image and, correspondingly, the size of the sensor array used to convert the image 
1 0 tb electrical sigials. Sensor arrays used iffithese embodiments of flie present iiivention may be mtegrated 
rarcuits or the like. Using reduction lenses to reduce the size of the image^ and correspondingly, the 
integrated circuit sensor, saves cost as the integrated circuit is made of silicon which has a cost directly 
jiroportional to the size of the integrated circuit. In another embodiment of the present invention, a one- 
to-one sensor array is located proximate to the single electrode electroluminescent device. The one-tOr 
15 one sensor array has a length and width which is approximately the same as the electroluminescent 
device. The one-to-one sensor array may be made of amotphous silicon on glass. Because the sensor 
array is proximate to the electroluminescent device, the thickness of the relief object generator of the 
present invention is substantially smaller than previously known systems that require an optical element 
to focus light reflected from a platen onto a sensor array. Additionally, the sensor array , and 
20 electroluminescent device , are substantially orthogonal to the path of the light generated by the 
electroluminescent device. As a result, distortion caused by angular placement of the platen and sensor 
array in previously icnown systems is essentially eliminated. 

In an embodiment of the present invention which uses an inorganic single electrode 
electroluminescent device, the. electroluminescent device includes a transparent electrode layer, a 
25 dielectric layer, a light emitting layer which is interposed between a first surface of the transparent 
telectrode layer and a first surface of the dielectric layer, and an alternating current source which has a 
first lead coupled to the transparent electrode layer and a second lead that is proxinriate to a second 
surface of the dielectric layer. When a relief object is placed in contact with the second surface of the 
^dielectric layer and is coupled to the second lead of the alternating current source, current is strongly 
30 ^^ coupled from the ridges of the relief object through the dielectric layer and light emitting layer to the 
^ttransparent electrode while current is weakly coupled from the valleys of the relief object to the 
transparent electrode. The Ught emitting particles in the strongly coupled current path generate light 
more intensely than those particles in the weakly coupled current path. 

The system of the present invention does not require an external light source or for a collimator 
35 as no light is required for platen illumination. Instead, a relief object causes the single electrode 
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electroluminescent device of t^^^ to generate a self-lurhinbus optical image of the relief 

object when the relief object is coupled to the current source and brought in contact with the single 
electrode electroiuimhes^ device; Bl^ausie fee light is generated^^^^ structure and not illuminated 
by a light sburCei the sensdr niay be placed directty opposite the transparent electrode of the 
5 electrbliiiiiihescent device. No intervening optical elements are required for treating the light to reduce 
distortion caused by the angles at which the light source and sensor array are located in 

previously kiiovm systems: As a result, the inventive relief object imaging system of the present 
inveritioh is much moi-e compact and tnay be used in many more applications then previously known 
imaging systems. For example, an embodimentof the present invention may be located on a keyboard of 

10 a laptop computer to generate an image of a fingerprint which may be compared to a stored image to 
provide access to the computer or converted to digital information and transmitted to another computer 
for access to another computer system to verify a financial transaction over a n^ 

In one aspect of the present invention, the light emitting layer of the inorganic type of 
electroluminescent device may include phosphor particles which may be a coating applied to the first 

15 surface of the transparent electrode layer. In another embodiment of the present invention, the light 
emitting particles may be dispersed throughout a dielectric layer of an inorganic electroluminescent 
device. In this embodiment the light emitting particles may also be phosphor particles and the phosphor 
particles may be encapsulated within a protective dielectric layer to prevent moisture from degrading the 
phosphor. Preferably, the transparent electrode layer of an inorganic electroluminescent device is 

20 comprised of indium tin oxide (ITO) or a zinc oxide:aluminum (ZnOiAl) composite; the phosphor may 
be zinc sulfide: manganese (ZnS:Mn); and the dielectric layer may be barium titanate (BaTi03). 

In another embodiment of the present invention, the dielectric layer of the inorganic 
electroluminescent device is covered with a pressure-variable resistive layer, a flexible electrode covers 
the variable resistive layer and the second lead from the alternating current source is coupled to the 

25 flexible electrode. The variable resistive layer is comprised of conductive particles dispersed through a 
non-conducting compressible polymer. Where the ridges of a relief object contact the flexible electrode 
and generate localized pressure, a conductive path through the resistive layer is formed by bringing 
conductive particles into proximity with one another. Those areas of the flexible electrode proximate the 
valleys of the relief object do not generate significant localized pressure which compresses the 

30 conductive particles. Thus, the particles remain separated and less current is passed though those 
portions of the layer. Accordingly, the localized pressure caused by pressing the ridges of the relief 
object against the flexible electrode provide more current from the alternating current source to the 
transparent electrode through the dielectric and light emitting layers. Again, the magnitude of the current 
passing though the light emitting particles determines the intensity of the light for the optical image of 

35 the valleys and ridges of the relief object. 
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In this embodiment of the'p^ 
alternating current source to the dielectric layer. Instead, the relief object forms conductive paths in the 
variable resistive layer for current supplied from^the; flexible electrode. Thus, this embodiment- insulates 
the relief object from the alternating current^ This is especially advantageous for- relief object imaging 
5 systems which are used in countries which have regulations regarding the amount of current to which a 
person can be exposed. Because pressure from the structure of the reUef object generates the conductive 
paths through the variable resistive layer, excessive moisture or dryness does not degrade image contrast 
as happens in systems where a platen must be illuminated. / . . 

In another embodiment of the present invention, an organic electrpluminescent device is used. 
10 The structure of the organic electroluminescent device may be comprised of a thin, sublimed molecular 
filtf such as tris (8-quin6linolato) aluminum (III)^ commonly denoted as Alq or a light-emitting polymer 
with specialized structures which provide positive and negative .charge carriers having high mobility. 
Light-emitting polymers include poly(p-phenylene vinylene) or PEV, soluble polythidphene derivatives, 
and polyanilene which may be applied to the specialized structure by known coating techniques such as 
15 spin or doctor-blade coating. 

Because organic electroluminescent devices operate at low voltages, the relatively high self- 
resistance of common relief objects do not effectively modulate the luminescence generated by the 
electroluminescent device. If the relief object to be imaged is not capable of withstanding a relatively 
large voltage drop at currents of at least a few milliamperes, an insulating layer is preferably provided 
20 between the relief object and the organic electroluminescent device. Preferably, the insulating layer is a 
pressure-variable resistive layer such as the one discussed above. The pressure-variable resistive layer 
selectively provides an electrical resistance which' varies in correspondence with the ridges and valleys of 
the relief object contacting the resistive layer. As a result, the higher level currents may be presented 
through the lower resistance paths to the organic electroluminescent device to generate holes and 
25 electrons which recombine to produce localized photons. More preferably, the organic. 
- electroluminescent device is coated with a pixelated low work function , metal: such as calcium or 
aluminum to effect efficient electron charge injection. The embodiments of the present invention which 
utilize an organic electroluminescent device provide a relief object image generator which may be 
powered from a DC current source. 
30 These and other advantages and benefits of the present invention may be ascertained from the 

detailed description of the invention presented below and the drawings discussed therein. 
Brief Description of the Drawings 

The accompanying drawings, which are incorporated and constitute a part of the specification, 
illtistrate preferred and alternative embodiments of the present invention and, together with a general 
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description given above and the detailed description of the embodiments given belpWj serve to explain 
the principles of the presentii^ 

Fig: 1 depicts a relief object image g^ 
the present invention which uses 
5 Fig. 1 A depicts the electroluminescent device of Fig; 1 having G facilitate 

placeiherit of arottededreliefolq v r - ; r 

Fig; 2 depicts an embodiment of the present invention that insulates the relief object from the 
current of the alternating current source in Fig. 1; 

Fig. 3 depicts an embodiment of the present invention iii which an organic electroluminescent 
10 device is used; . 

Fig. 4 is ah einbodiment of t^^ reduction lens and sensor array to 

provide an electrical datai representation of a relief object image; and 

Fig. 5 depicts an embodiment of the present invention with a sensor array which is 
appi'oximately the size of the electroluminescent device for use in thin profile applications. 
15 Detailed Description of the Invention 

A system for imaging relief objects in accordance with the principles of the present invention is 
shown in Fig. 1. Image generator 10 includes a single electrode electroluminescent device 12 and an 
electrical current source 14. The electrical current source has a lead 16 which is coupled to 
electrolviminescent device 12, and a second lead 18 for coupling current to a relief object when it is 
20 placed against or proximate to electroluminescent device 12. In response to the current coupled from the 
relief object to electroluminescent device 12, different areas of electroluminescent device 12 generate 
light at intensities which correspond to the amount of current coupled to an area of electroluminescent 
device 12. Electroluminescent device 12 may be constructed from known inorganic electroluminescent 
devices that include two planar electrodes which are mounted at opposite ends of the electroluminescent 
25 device so they covet the length and width of the device and are aligned with one another. This type of 
structure is used, for example, to provide a back^light for a liquid crystal display. By removing an 
electrode and coupling a current source to the relief object, the features of the relief object couple current 
differently to the electroluminescent device to selectively stimulate areas of the electroluminescent 
device and produce an image of the relief object. Electroluminescent device 1 2 is formed with a slightly 
30 concave surface (Fig. lA) to facilitate placement of a rounded relief object, such as a fingertip, against 
device 12. 

Electroluminescent device 12 may be an inorganic electroluminescent device or an organic 
electroluminescent device. Organic electroluminescent devices include thin sublimed molecular films 
such as tris(8-quiriolinolato) aluminum (III) commonly known as Alq or light-emitting polymers having 
35 specialized structures which provide positive and negative charge carriers having high mobilities. The 
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li^t-emitting polymers include iraly^^ 

and polyahilene which miy be applied by known coating techniques such as spin, or doctOTrblade coating: . 
Prototypes of these devices are manufactured and available from Uniax Corporation of Santa Barbara, 
"California. ■ v : .r • ; ■ ^ ; . ■ : , <. ; ; . r- \ ■ ;. -.. 

5 Electroluihihescent device- 12 iii Fig. I : is an inorganic electroluminescent, device. Inorganic 

eledtrolumihescent device 12 ihcludes . a; transparent electrode 22. a light einitting - layer 24, and a 
dielectric layer 26. Current souixe 16: is an alternating curreiit (AC) source. Electrode 22, light emitting 
Idyer 24, anddielectiic 26, are all preferably planar materials and are. structured so that electrode layer 22 
Has a first surface 30 which lies along one surface of light emittmg layer 24 and dielectric layer 26 has a 
1 0 first surface 34 which lies along the opposite planar surface of light emitting layer 24. Lead 22 from 
alternating current source 14 is coupled to transparent electrode 22 and lead 1 8 extends from alternating 
cuffent source 14 to a relief object 20. One way to provide a second lead is to place a pad of insulating 
material (not shown) along one end of dielectric layer 26 that is exposed for contact with a relief object 
The second lead may then be placed on top of the insulating layer so that a relief object brought in 
1 5 contact with the exposed area of dielectric layer 26 may also be coupled to alternating source 14. In this 
arrangement lead 18 may be fixed to the insulating pad located at one end of dielectric layer 26 so it is 
not easily moved to a position where alternating source 14 is short circuited. 

Transparent electrode 22 is, preferably, a polymeric material coated with a transparent electi-ode 
composition^ such as indium tin oxide (ITO). Electrode 22 is transparent to permit light generated by light 
20 emitting layer 24 to pass through with little attenuation or modulation. 

Light emitting layer 24 may be a coating of light emitting particles applied to the first surface of 
transparent electrode 22. The coating is preferably a phosphor material such as zinc sulfidetmanganese 
(ZnS:Mn). Alternatively, light emitting particles may be dispersed in dielectric layer 26. In this 
embodiment, the light emitting layer is not a distinct layer interposed between the dielectiic layer and 
25 transparent electrode but is suspended in tiie dielectric material, preferably in a uniform manner. For 
example, the phosphor, material ZnS:Mn may be dispersed in an insulating dielectiic material such as 
barium titanate (BaTiOs). Altiiough the material disclosed for transparent electrode 22, light emitting 
layer 24, and dielectric layer 26 are exemplary, they are not the only materials that may be used. For 
example, transparent electrode 22 may also be made from zinc oxideraluminum (ZnO: Al) and other light 
30 emitting particles such as zinc silicate (Zn2Si04) and zinc gallate (ZnGa204) niay be used. The 
dielectric material may be from a variety of materials such as yttrium oxide, silicon nitride, or silicon 
oxy-nitride. 

Alternating current source 14 may output a root-mean-square (RMS) voltage in the range of 20 
to 300 volts having an output frequency in the range of approximately 50 to 2000 Hertz. To adequately 
35 drive 6.5 square centimeters (about one square inch) of the light emitting layer disclosed above, a current 
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in the rkhge of 100 to 500 niicrbainperes is typically required; The phosphor and the ^ 

materials disclosed above geherates an emission spectra which is typically m the blue, blu^ and 
green wavelengths. While the invention is discussed with reference to radiation being eniitted in the 
visible light portion of the radiation spectrum, other materials emitting radiation in other portions of an 
5 emi ssion spectra rhay be used and remain within the principles of the present invention. 

Orie way to construct system 10 is to modify an electroluminescent (EL) lamp. These devices 
are well known and an exemplary EL lamp is that manufactured by Dxrrel ; Corporation of Chandler, 
Arizona and designated as part number DB5-6 EL lamp structure differs from the structure shown 
in Fig. i in that the exposed surface 38 of dielectric layer 26 is bonded to an opaque electrode, such as 
10 aluminum, silver, or carbon. When an alternating current source is coupled to an EL lamp, the current 
passed from the opaque electrode to the traiisparent electrode excites the light emitting particles causing 
them to generate light. However, such a structure is inoperative to image relief objects as the opaque 
electrode provides a steady state flow of current across its. area. The inventors of the present invention 
have modified the EL structure by removing the opaque electrode to expose dielectric layer 26. By 
15 providing the second lead from alternating source 14 at a insulated pad located at an end of dielectric 
layer 26, a relief object brought in contact with dielectric layer 26 may also be placed so it contacts lead 
18. As a result, those portions of the relief object which directly contact dielectric layer 26 provide 
current at a magnitude different from the current provided at the portions of the relief object which are 
not in direct contact with dielectric layer 26. This modification of an EL lamp and the use of a modified 
20 EL lamp to image a relief object are previously unknown. 

The dielectric layer/light emitting particles/transparent electrode structure may be electrically 
modeled as a capacitor in parallel with a resistor. In the materials preferably used to construct the 
present invention, the capacitance of this structure is in the range of 2 to 6 nFarads per 6.5 square 
centimeters (about one square inch) and the resistance is in the range of 50 to 1 ,500 KQ per 6.5 square 
25 centimeters (about one square inch). The amplitude of the output voltage of alternating current source 14 
may be adjusted to alter the intensity of the emitted light which corresponds to the ridges of the relief 
object. Current sensing or current limiting circuits may be coupled to the second lead from alternating 
current source 14 to ensure the current provided to a relief object adheres to international regulatory 
limits for applications where the relief object is a portion of a person. 
30 An embodiment which may be used without a current limiting or sensing circuit is shown in Fig. 

2. Using like nunierals for like structure, system 40 includes transparent electrode 22, light emitting 
layer 24, and dielectric layer 26. The various materials and structure discussed above with the 
embodiment of Fig. 1 are likewise applicable for the embodiment shown in Fig. 2. In addition to these 
elements, system 40 includes a variable resistive layer 44 and a flexible electrode 46 to which the second 
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lead frbw altKhating current source 14 is coupled. . The;,first lead 16, from alternating source 14 is 
coupled to transparent electrode 22 as discussed abovei:: \-- : -''■^':::-:y . ; h . ' v. 

Variable resistive layer 44 is comprised of a non-^;onducting, compressible polymeric material in 
which conductive particles are sufliised. The conductive particles are distributed throughout the 
5 polymeric material and' are separated from one another by a distance which is slightly larger than the 
diameters of the partibles; The conductive paiticles niay be low density polymeric or ceramic spheres 
coated with i metallic layer. Magnetic particles may also be added to. the composition of the variable 
resistive layer to imprbve electrical conductivity. By varying the nuinber of conductive particles per unit 
volume^ the size of the particles, the conductive properties of the particles, the bulk material modulus of 
10 the polymeric material, arid other known factors, the resistance of a conductive path fronu one surface of 
variable resistance layer'44 to the opposite surface as a fimction of pressure applied to the first surface 
may be jjesigned to Vary over a wide range. Where the particle sizes are small and the thickness of the 
polymeric material is thin, high spatial resolution of localized pressure is possible. Preferably, the 
diameters of the conductive particles and non-conductive metric polymers should be smaller than the 
1 5 smallest resolution element desired for the image. The thickness of variable resistance layer 44 should 
approximate the same resolution element size. Preferably, the thickness of the variable resistance layer 
is in the range of 50-100 micrometers. Variable resistive layers which may be used in the embodiment 
shown in Fig. 2 are disclosed in U.S. Patent Numbers 5,209,967 and 4,624,798. Preferably, flexible 
electrode 46 is made of a thin polymer such as polypropylene or polyester that is less than 25 
20 micrometers in thickness and having a very thin sputtered metallic coating. 

. When a relief object 20 is brought in contact with flexible electrode 46, those portions of the 
relief object which directly contact flexible electrode 46, i.e., ridges 50, locally compress resistive layer 
44 to form a conductive path to dielectric layer 26. This conductive path allows current to move from 
flexible electrode 46 -^through resistive layer 44, dielectric layer 26 and light emitting layer 24 to 
25 transparent electrode 22. This current flow excites the light emitting particles in the flow path so the 
particles emit light at^an intensity that corresponds to the magnitude of the current. As the pressure in 
the areas adjacent valleys 52 of relief object 20 do not compress those areas of resistive layer 44 as 
tightly as those areas adjacent ridges 50, the conductive paths in the areas adjacent valleys 52 have 
electrical resistance' that is greater than those areas adjacent ridges 50. Consequently, the light emitting 
30 particles aligned with the relatively uncompressed areas of resistive layer 44 emit light having an 
intensity that is less than that generated by the more tightly compressed areas. Accordingly, an optical 
image of the relief object is generated where light is more intense at the areas corresponding to the ridges 
of the relief object and less intense at the areas where there are valleys in the relief object . 

Flexible elecfrode 46 and resistive layer 44 provide a pressure-to-optical conversion of the relief 
3 5 features of the relief object. As a result, the light absorbing and reflective properties of the relief object 
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do not affect the iihage generated by the; eiri^ Fig, 2;; Fiirtherniorey flexible electrode 

46 isolates the relief object from the current oxitput by alternating ciffreht soiirce/1^ As the electrical 
coupling mechanism froni the relief object to electrode 46 and resistive layer at 44 to dielectric layer 26 
is i^rinistrily resistive, altering the amplitude of the output voltage still a of the light 

5 emitted from the light emitting particles^r^ 

Ah embodiment of the present invention which utilizes an organic ejectrpluminescent device is 
shown in Fig. 3. The electroluminescent device 60 includes an anode 62, an organic layer 64, and a 
pixelated, low work function metalization layer 66. Preferably, anode 62 is transparent and may be 
formed by coating a base substraite of glass or plastic with indium tin oxide (HO). Organic layer 64 is 
10 formed by depositing a thin film layer such as polyaniline over the ETO and then an electroluminescent 
polymer such as poly (2-methdxy-5-(2 -ethylhexyloyx)- 1 , 4-phenylene vinylene), also conmionly known 
as MEH-PEV, is deposited over the polyanilene. A metal, such as calcium or aluminum, is deposited 
over organic layer 64 to form pixelated, low work function metalization layer 66. Preferably, current 
source 14 is a direct current (DC) source which outputs a voltage of approximately 10 V at 
15 approximately 40 milliamperes. 

If the relief object to be imaged is capable of absorbing relatively high voltage drops at current 
levels of a few milliamperes, then the relief object may be brought in contact with a lead from current 
source 64 and placed against electroluminescent device 60 for imaging. Where limitations to the current 
magnitude that can be brought in contact with a relief object are important, such as current Umitations for 
20 a person, a pressure- variable resistive layer is interposed between the relief object and the organic layer. 
The pressure from the ridges of the relief object generate a lower resistance path through the resistive 
layer than the pressure from the valleys of the relief object. The current from the current source is then 
coupled at different magnitudes to the electroluminescent device. The number of holes and electrons 
generated by an area of the electroluminescent layer is proportional to the magnitude of current coupled 
25 to the area. The recombination of these holes and electrons generates photons with the intensity of the; 
resulting light being dependent upon the number of holes and electrons generated in an area. Use of a 
pixelated low work function metallic layer, such as aluminum or calcium, defines discrete areas for 
coupling current from a resistive layer to anode 62. The variable resistance layer electrically isolates the 
relief object from the current source to reduce the current magnitude to which a relief object may be 
30 exposed. 

As shown in Fig. 4, system 10 is aligned wiUi a reduction lens 70 and an integrated circuit sensor 
array 72. Reduction lens 70 and integrated circuit sensor array 72 are well known in the art and are 
typically used with the relief object image generators that require a separate, indirect light source. This 
embodiment reduces the size of the generated image so the sensor array may be a smaller, and hence. 
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• more ebbribihwai si Still, tKii ernbodiment requires the distance from the relief object.to thie sensor, 
aiitiy Ti tb bfe several tiines t^^^ ■ ' - ---"^ - ■ ■- ' : V 

In appiicatiohs wheire a thin profile is required;' such as cdlular phones,^^^^^^^ 
th'e'like; reduction lens 70 may be eliminated and a sensor array 78 placed along the exposed surface of 
5 tr^sparent elbctfode 22 as shbwh in Fig. 5. ' Sensor array 78 is typically, nbt of the; conventional , 
inte^ted circuit type tb^H^educe cost. lihstead, "serisbf array 78 may Utilize: lovv cost iwbcesses such as . 
those developed in the display industry. Such exemplary processes include amorphous silicon on. glass 
and low temperature polysilicon on glass. The signals from these sensor arrays may then be provided to 
a computer for further optical processing. 
10 In operation, an electroluminescent device having a single, transparent electrode is coupled to a 

current source so that one lead from the current source is coupled to the transparent electrode and a 
second lead from the current source is left exposed near an exposed surface of the electroluminescent 
device. Preferably, the second lead is fixed to an insulator mounted at one end of the exposed surface of 
the electroluminescent device. A relief object is brought into contact with the exposed surface of the 
1 5 electroluminescent device and also coupled to the second lead of the current source. The current through 
the relief object is coupled, either strongly at the ridge contacts or weakly at the valleys, to the 
electroluminescent device. Those light emitting particles aligned with the ridges of the relief object 
cause the electroluminescent device to generate light at an intensity greater than those light emitting 
particles aligned with the valleys of the relief object. The difference in the intensity in the light 
20 generated by these particles forms an optical image of the relief object. 

In the alternative embodiment of the present invention, a variable resistance layer covers the 
exposed surface of the electroluminescem device and a flexible electrode is provided over one surface of 
the variable resistive layer. The first lead of the current source is coupled to the transparent electrode 
and the second lead is coupled to the flexible electrode. When a relief object is pressed against the 
25 flexible electrode, localized pressure corresponding to the ridges of the relief object compresses a portion 
of the resistive layer to ferm a conductive path having less electrical resistance than the portions of the 
resistive layer proximate the valleys of the relief object As a result, currents through the conductive 
paths corresponding to the ridges have magnitudes that are greater than those through the conductive 
paths corresponding to ^he valleys. The higher magnitude currents coupled to the. electroluminescent 
30 device generate light at an intensity greater than those portions of the electroluminescent device coupled 
to the currents corresponding to the valleys. The light generated by the electroluminescent device forms 
an optical image of the relief object where light areas correspond to the ridges of the relief object and 
darker areas correspond to the valleys of the relief object. The optical images of both embodiments may 
be focused by a reduction lens and sensed by ah integrated circuit sensor array or provided to a one-to- 
35 one sensor array for conversion to electrical signals. 
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- >White the^p^ illustmted,by^the:de$d^ 
while the embodiments Have been described in considerable detail it isf npt the intention o£^^^ applicant 
to irestriet x>r anyway limit the scope of the appended clMms; to such d^tanl^ Add^^ adyaaitages and 
modific^ticms will readilytap^ skilled in the arti The invm^^ therefore 

5 ndt limited to the specific details^ represeiitative apparatus and method, or illustrative examples shown 
arid described; Accoixiingly^ departures bay be made firom such details without departing jBrom the spirit 
or scope of applicant's general inventive concepts. , 
What is claimed is: 
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a single electrode electroluminescent device; and ■-'.■^.r^v::.^,^.-.;-.:,. 

an electrical current source, said electrical cimtnt source haym 
single electrode of said single electrode electroluminescent device and a second lead for coupling to a 
relief object iti proximity to said single electrode, electroluminescent device so ttoiciHrent coupled ffom 
said btOTeiit ^oiirce to said relief object is. sfrongly. coupled tO; said single 

device by ridges of said relief object and weakly coupled to said.el«trplummescrat of 
said relief object whereby more intense light is generated by areas of said electroluminescent, device 
strongly coupled to said current from said ridges of said relie;f object . smd less intense light is generated 
by areas of said electroluminescent device weakly coupled to said current from valleys of said relief 
object to foiiri ah image of the relief object . ; s , , - : 

2. The system of Claim 1 wherein said single electrode electroluminescent device is an 
organic single electrode electroluminescent device. 

3. The system of Claim I wherein said single electrode electroluminescent device is an 
inorganic single electrode electroluminescent device. 

4. The system of Claim 1 wherein a surface of said single electrode electroluminescent 
device is concave to facilitate placement of a rounded relief object against said electroluminescent 
device. 

5. The system of Claim 1 further comprising: 
• ia sensor array; and 

optical elements interposed between said sensor array and said single electrode 
electroluminescent device, said optical elements for focusing said generated light on said sensor array. 

6. The system of Claim 1 fiirther comprising: 

■ a one-to-one sensor, array located proximate said single electrode electroluminescent 
device so that said generated light is sensed by said one-to-one sensor array. 

7. The system of Claim 4 wherein said sensor array is an integrated circuit. 



8. 

gliass. 



The system of Claim 5 wherein said one-to-one sensor array is amorphous 
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9. system dfCIaim^^ 

■comprising: ■- • '^^ ■■v>o;:v5r:/^/....^ 

a trarispiarerit electro k. : v^; ^ . , 

^ a light emitting layer (X)ritainirig^ ^I^^ paiticles^ said light emitting layer being 

interpdsed betWeen'^^^^^ so that a first surface of said 

frabsi^afent electrode iaaid^^a^ fiirst surface of said dielectric layer are proxitnate said light emitting layer; 

said Client supply soiirce^^^^^ 

10. The device of Claim 8 wherein said light emitting particles^ are phosphor particles. 

11. tlie device ofClaim 9 wherein said phosphor partick^ 

12. The device of Claim 8 wherein said light emitting layer is a phosphor coating along said 
first surface of said transparent electrode layer. 

13. The device of Qaim 8 wherein said light emitting layer and said dielectric layer are a 
composite material in which said light emitting particles are dispersed through said dielectric layer. 

14. The device of Claim 12 wherein said light emitting particles are phosphor particles. 

15. The device of Claim 8 wherein said transparent electrode layer is one of indium tin oxide 
and zind oxideraluminum. 

16. The device of Claim 8 wherein said alternating source is adjustable in voltage amplitude. 

17. The device of Claim 8 further comprising a variable resistive layer being proximate to 
said dielectric layer, said variable resistive layer being comprised of conductive particles dispersed 
through a non-conductive medium; 

a flexible electrode substantially covering a surface of said variable resistive layer; and 
said second lead of said alternating current source being coupled to said flexible 
electrode so that a localized pressure gradient generated by a portion of a relief object contacting said 
flexible electrode forms a conductive path through said variable resistive layer which corresponds to said 
localized pressure gradient whereby said current flows from said flexible electrode through said variable 
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resistive Ikytt^ dielectric layer and light emitting partclfcs tb said tfa^^ correspondence 
; with said Idealized pressxire gradient to generate a light image of said relief bbject^^ 5 - 

18: The device of Glaim*^ 3; said organic singlevelectrbdt^ eleclrbltimiri^^^^^ device further 

5, -':?^compfising:^^ v ■ • . / 

/ ^5 ; :y - ? ; i a thin, sublimed molec^ilar film deposited bri^^ ^ v ^ 

, I9t: The device of Claim 17^ said thin, sublimed molecular film being tris(8rquinbliii61atb) 
- aluminum (m)^ • - l;- ; :-^r- 

10 20. The device of Claim 3i said organic single electrode electroluminescent device fi 

:/xomprising:^-:>' .: ■•^--^ ■ . " ' - 

^ a light-emitting polymer deposited on a transparent anode. ^ ■ 

21. The device of Claim 19, said light-emitting polymer being one of the group of poly (p- 
1 5 phenylene vinylene), soluble polythiophene derivatives, or polyanilene. 

22. The device of Claim 18, said transparent anode light being comprised of a transparent 
base substrate coated with indium tin oxide. 

23. The device of Claim 3 further comprising: 

20 a variable resistive layer being proximate to said organic single electrode 

electroluminescent device, said variable resistive layer being comprised of conductive particles dispersed 
through a non-conductive medium; 

a flexible electrode substantially covering a surface of said variable resistive layer; and 
a direct current source having one lead coupled to said single electrode of said organic 

25 single electrode device and a second lead exposed at a surface of said flexible electrode so that a 
localized pressure gradient generated by a portion of a relief object contacting said flexible electrode 
forms a conductive path through said variable resistive layer which corresponds to said localized 
pressure gradient whereby said current flows from said direct current source and flexible electrode 
through said variable resistive layer to said single electrode of said organic single electrode 

30 electroluminescent device in correspondence with said localized pressure gradient to generate a light 
image of said relief object 

24. A system for generating an imiage of a relief object comprising: 
a single electrode electroluminescent device; 
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: : : a variable resistive layer being proximate- to ; one. surface of said single electrode 

electroluminescent device^ said^variable resistive layer being particles dispersed 

through a non-conductive medium; 

' " a flexible electtode substantially covering a surface ofsaid variable resistive layer; 

an electrical current source, said electrical current source having one lead coupled to said 
single electrode of said single electeode electrolu^^^ lead for coupling to a 

relief object contacting said flexible electrode so that current coupled from said current source to said 
flexible electrode is strongly coupled through a low reiisto^^^^ 

to said single electrode electroluminescent device by ridges of said relief object and weakly coupled 
through a high resistance patent through said variable resistive layer to said electroluminescent device by 
valleys ofsaid relief object whereby more intense light is generated by areas ofsaid electroluminescent 
device strongly coupled to said current from said ridges of said relief object and less intense light is 
generated by areas ofsaid electroluminescent device weakly coupled to said current from valleys ofsaid 
relief object to form an image of the relief object. 

25. The system of Claim 23 wherein said single electrode electroluminescent device is an 
organic single electrode electroluminescent device. 

26. The system of Claim 23 wherein said single electrode electroluminescent device is an 
inorganic single electrode electroluminescent device. 

27. The system of Claim 23 further comprising: 
a sensor array; and 

optical elements interposed between said sensor array and said single electrode 
electroluminescent device, said optical elements for focusing said generated light on said sensor array. 

28. The system ofClaim 23 further comprising: 

a one-to-one sensor an-ay located proximate said single electrode elecfroliiminescent 
device so that said generated light is sensed by said one-to-one sensor array. 

29. The system of Claim 26 wherein said sensor array is an integrated circuit. 

30. The system of Claim 27 wherein said one-to-one sensor array is amorphous silicon on 

glass. 
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31. The system of Claim 25 r' said ihbrg^ device . 
* further'cbihi^ -v m;--^ ..^ 

a transparent electrode layer, 
' ' a dielectric layer;- j • : - v; . ^ 

5 a light emitting layer containing light emitting particles^ said light emitting layer being 

^ iritCTjposi^d fietSveeh said- ti^rispar^^^ said dielectric layer -sb that a- first surface of said 

transparent electrode 'and a first siirfa^^^^^ are i^fbxifiiat^ said light emitting layer; 

and 

said current supply souite is an altfe^ 

32. The device of Claim 24, said organic sirigle electrode electrbllimmeScent device further 
comprising: 

a thin, sublimed molecular film deposited oh a transparent anode. 

15 33. The device of Claim 31, said thin, sublimed molecular film being tris(8-quinolinolato) 

aluminum (III). 

34. The device of Claim 24, said organic single electrode electroluminescent device further 
comprising: 

20 a light-emitting polymer deposited on a transparent anode. 

35. The device of Claim 33, said light-emitting polymer being one of the group of poly(p- 
phehylene vinylene), soluble polythiophene derivatives, or polyanilenie. 

25 36. The devices of Claims 31 or 33, said transparent anode light being comprised of a 

Iransparent base substrate coated with indium tin oxide. 

37. The device of Claim 31 or 33, said current source being a direct current source having 
one lead coupled to said single electrode of said organic single electrode device and a second lead 

30 exposed at a surface of said flexible electrode so that a localized pressure gradient generated by a portion 
of a relief object contacting said flexible electrode forms a conductive path through said variable 
resistive layer which corresponds to said localized pressure gradient whereby said current flows from 
said direct current source and flexible electrode through said variable resistive layer to said single 
electrode of said organic single electrode , electroluminescent device in correspondence with said 

35 localized pressure gradient to generate a light image of said relief object. 
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source; 



contacting a relief object to an exposed sxuface of said single electrode 



eiectroluminiescent device; and ^ v - v - 

b' s;/ > :r > coupling said current source to said relief object so that current flows from said relief 

object to said elecfrplxinyne^ , 



39. The method of plaim 38 further comprising the steps of: 

forming said single electrode electroluminescent device with a concave surface to 
facilitiate contacting roimded relief objects to said electo^^ . . 

40. The methodof claim 38 further comprising the 

placing optical elements to focus said image generated by said single electrode 
electroluminescent device; and 

locating a sensor array to receive said focused image from said optical elements. 

41 . The method of claim 38 further comprising the steps of: 

locating a one-to-one sensor array proximate said single electrode electroluminescent 
device to receive said image generated by said single electrode electroluminescent device. 

42. The method of claim 38 wherein said current source is an alternating current source and 
said single electrode electroluminescent device is an inorganic single elecfrode electroluminescent 
device. 

43. The method of claim 38 wherein said current source is a direct current source and said 
single electrode electroluminescent device is an organic single electrode electroluminescent device. 

44. The method of claim 3 8 further comprising the steps of: 

locating a variable resistive layer adjacent said exposed surface of said single electrode 
electroluminescent device with a variable resistive layer, 

substantially covering said variable resistive layer with a flexible electrode; and 
coupling said current source to said flexible electrode rather than said relief object so 
that said contacting step contacts said relief object with said flexible electrode so that pressure from 
ridges and valleys of said relief object generate relatively low and high resistance conductive paths 
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through said vMiable resistive layer whereby said current from said current source is provided through 
said variablelEesistiveMayCT at;differeht maignitiides corresponding to said ridges aid valleys of said relief 
object and said differeht cimrraits cause said single electrode electroluminescent cieyice to "generate said 
imageof said relief object 1 ' 
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